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Background. Between 1939 and the 1960s, the synthetic estrogen
diethylstilbestrol (DES) was given to millions of pregnant women to
prevent pregnancy complications and losses. The adverse effects of
prenatal exposure on the genitourinary tract in men and the repro-
ductive tract in women are well established, but the possible effects
on psychosexual characteristics remain largely unknown.
Methods. We evaluated DES exposure in relation to psycho-
sexual outcomes in a cohort of 2,684 men and 5,686 women
with documented exposure status.
Results. In men, DES was unrelated to the likelihood of ever having
been married, age at first intercourse, number of sexual partners, and
having had a same-sex sexual partner in adulthood. DES-exposed
women, compared with the unexposed, were slightly more likely to

have ever married (odds ratio [OR] � 1.1; confidence interval [CI] �
1.0–1.4) and less likely to report having had a same-sex sexual
partner (OR � 0.7; CI � 0.5–1.0). The DES-exposed women were
less likely to have had first sexual intercourse before age 17 (OR �
0.7; CI � 0.6–0.9) or to have had more than one sexual partner (OR
� 0.8; CI � 0.7–0.9). There was an excess of left-handedness in
DES-exposed men (OR � 1.4; CI � 1.1–1.7) but not in DES-
exposed women. DES exposure was unrelated to self-reported history
of mental illness in women.
Conclusions. Overall, our findings provide little support for
the hypothesis that prenatal exposure to DES influences the
psychosexual characteristics of adult men and women.
(EPIDEMIOLOGY 2003;14:155–160)
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From 1939 through the 1960s, the synthetic estrogen
diethylstilbestrol (DES) was given to millions of
women worldwide to prevent pregnancy complica-

tions and losses. In the U.S. alone, as many as 4 million

men and women were exposed in utero to DES.1 DES was
later shown to be ineffective for its intended purpose,2 and
numerous studies have documented carcinogenic and ter-
atogenic effects on prenatally exposed offspring, including
reproductive tract abnormalities in women3–6and genito-
urinary tract abnormalities in men.4,7,8

The potential effects of prenatal DES exposure on psy-
chosexual outcomes, however, remain largely unknown.
Animal studies suggest that brain organization and hemi-
spheric asymmetry, which affect reproductive behavior and
laterality (right vs left dominance), are influenced by pre-
natal hormone exposure.9–11 To date, most human studies
of the influence of DES and psychosexual outcomes have
been hampered by small sample sizes and methodological
problems. Our large cohort of DES-exposed and unexposed
individuals provides a unique opportunity to investigate
the influence of prenatal estrogens on psychosexual out-
comes, including sexual behavior and laterality (right- vs
left-handedness) in adult men and women.

Methods
In 1992, the National Cancer Institute (NCI) initi-

ated a combined cohort study of men and women who
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had been exposed in utero to DES. The combined cohort
included both newly enrolled and previously followed
men and women whose DES exposure status was con-
firmed by either a review of the prenatal medical record
or a note from the physician providing prenatal care.
The previously followed offspring cohorts were initially
assembled in the 1970s and included (1) DES-exposed
and unexposed sons and daughters of women who par-
ticipated between 1951 and 1952 in a randomized clin-
ical trial of DES at the University of Chicago (the
Dieckmann cohort); (2) DES-exposed women who, in
the late 1970s and 1980s, enrolled in the National
Cooperative Diethylstilbestrol Adenosis Project
(DESAD cohort), their unexposed sisters and age-
matched unexposed women chosen from the same
record sources as the exposed; (3) DES-exposed and
age-matched unexposed men born between 1939 and
1961 at the Mayo Clinic and (4) DES-exposed men and
women, and their unexposed siblings, born between
1943 and 1976 at an infertility clinic in Boston (the
Horne cohort). The new cohort consisted of the DES-
exposed and unexposed sons and daughters of women
who previously participated in the Women’s Health
Study (WHS); the first follow-up of the offspring cohort
occurred in conjunction with the NCI-sponsored com-
bined follow-up in 1994.

The follow-up of the combined offspring cohort has
been described previously.12,13 Briefly, 1% of the poten-
tially eligible women (exposed or unexposed) and 3% of
the men (5% exposed, 2% unexposed) had died before
the combined study was implemented. An additional 5%
of women (5% exposed, 6% unexposed) and 8% of men
(7% exposed, 8% unexposed) could not be located,
leaving 6,496 women and 3,565 men eligible for partic-
ipation. Questionnaires were sent by mail. Nonrespon-
dents received a second mailing, after which telephone
contact was attempted as needed. We received com-
pleted questionnaires from 5,707 of 6,496 (88%)
women, representing 3,946 (89%) of the exposed and
1,761 (85%) of the unexposed. Completed question-
naires were also returned by 2,701 of 3,565 (76%) men,
representing 1,343 (79%) of the exposed and 1,358
(72%) of the unexposed. The small number of individ-
uals who were less than 21 years of age (21 women, 17
men) were excluded from the analyses. Thus, the anal-
yses were based on 5,686 women and 2,684 men.

The 1994 questionnaire obtained information regard-
ing health events and demographic, reproductive and
behavioral factors. In the present analysis, factors of
interest for men and women were marital status, sexual
behavior and handedness (defined as the hand usually
used for writing). Questions regarding sexual behavior
included the sex of sexual partners in adulthood, and, for
those reporting heterosexual contact, the age at first
sexual intercourse and the number of sexual partners.

Male participants were asked to report structural genital
conditions (undescended testicles, abnormalities of the
penis). Women were asked to report a diagnosis and
treatment for depression or other mental illness. Reports
of specific mental illnesses were coded using ICD-9
classifications and grouped, in consultation with a clin-
ical psychologist, as follows: depression (code 311), anx-
iety (3000–3009), psychoses (2959–2969) and reactive
conditions (3083–3099). Because of small numbers, the
eating disorders anorexia (7830), anorexia nervosa
(3071) and bulimia (7836) were grouped together for
analyses.

The preliminary analyses included descriptive statis-
tics and frequencies. We computed odds ratios (OR) and
95% confidence intervals (CI) using logistic regression
models to assess the strength of the association between
DES and dichotomous psychosexual outcomes.14 In gen-
eral, the OR were adjusted for age, cohort and educa-
tion. The results of likelihood ratio tests, evaluating
homogeneity of the OR across the cohorts for the main
factors of interest, supported combining the cohorts for
analysis. To assess the possibility that new cohort mem-
bers had participated in the study because of perceived
DES-related health effects, we also evaluated DES in
relation to outcomes in the subgroups of newly enrolled
and previously enrolled study participants. The associa-
tions between DES exposure and outcomes of interest
were similar for these two groups; consequently, the
analyses reported here are based on all 1994 question-
naire respondents.

Results
The age distribution of DES-exposed and unexposed

study participants was roughly comparable, although ex-
posed women tended to be younger than the unexposed
(Table 1). Level of education was high overall and
higher for the DES exposed than for the unexposed.
Study participants were predominantly white.

The distribution of psychosexual characteristics by
exposure status is shown in Table 2. A comparable
proportion of exposed and unexposed women were left
handed, but there was a small excess of left-handedness
in the exposed men. Ninety-five percent of men and
women reported exclusively heterosexual partners, re-
gardless of exposure. The proportion of study subjects
who reported ever having been married was similar for
exposed and unexposed women, but slightly lower for
the DES-exposed men, compared with the unexposed.
Exposed men and women were slightly older at the time
of first sexual intercourse compared with their unex-
posed counterparts. Slightly fewer exposed than unex-
posed women reported more than one sexual partner.

Table 3 shows the associations between DES and
outcomes of interest, adjusted for age, cohort and edu-
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cation. There was no indication that handedness was
influenced by DES exposure in women. DES-exposed
men, compared with the unexposed, were more likely to
be left handed or ambidextrous than right handed (OR
� 1.4; CI � 1.1–1.7). The association was similar after
excluding ambidextrous men (OR � 1.3; CI � 1.1–1.7).

In women, DES exposure was not associated with the
likelihood of ever having had sexual contact (Table 3).
The DES-exposed women, compared with the unex-

posed, were slightly more likely to have ever married
(OR � 1.1; CI � 1.0–1.4). Among the women who
reported sexual intercourse with a man, those who were
DES exposed were less likely to have had sexual inter-
course before age 17 (OR � 0.7; 95% CI � 0.6–0.9) or
to have had more than one sexual partner (vs 1) (OR �
0.8; CI � 0.7–0.9); in a separate polychotomous regres-
sion analysis, similar results were observed for two to
nine partners and for ten or more partners (vs 1). DES-

TABLE 1. Distribution of Demographic Factors in DES-Exposed and Unexposed Women and Men

Women Men

DES-Exposed
(N � 3,946)

Unexposed
(N � 1,740)

DES-Exposed
(N � 1,342)

Unexposed
(N � 1,342)

Number (%) Number (%) Number (%) Number (%)

Age
�35 663 (17) 166 (10) 230 (17) 149 (11)
35–39 1,037 (26) 422 (24) 156 (12) 260 (19)
40–44 1,640 (42) 711 (41) 502 (37) 570 (43)
45� 584 (15) 332 (25) 408 (34) 276 (27)

Cohort*
Dieckmann 232 (6) 210 (12) 199 (15) 182 (14)
DESAD 3,226 (82) 838 (48)
Mayo 647 (48) 581 (43)
Horne 213 (5) 125 (7) 247 (18) 144 (11)
WHS 275 (7) 567 (33) 249 (19) 435 (32)

Education
High school grad or less 543 (14) 358 (21) 229 (17) 276 (21)
Some post–high school 901 (23) 437 (25) 270 (20) 337 (25)
College grad or more 2,493 (63) 940 (54) 832 (63) 727 (54)

Ethnicity
Nonwhite 72 (2) 45 (3) 30 (2) 21 (2)
White 3,870 (98) 1,689 (97) 1,305 (98) 1,317 (98)

* See text for descriptions of these cohorts.

TABLE 2. Distribution of Psychosexual Characteristics in DES-Exposed and Unexposed Women and Men

Women Men

DES-Exposed
(N � 3,946)

Unexposed
(N � 1,740)

DES-Exposed
(N � 1,342)

Unexposed
(N � 1,342)

Number (%) Number (%) Number (%) Number (%)

Handedness
Right 3,504 (89) 1,558 (89) 1,137 (85) 1,187 (89)
Left 424 (11) 195 (11) 192 (14) 149 (11)
Ambidextrous 13 (�1) 5 (�1) 7 (1) 2 (�1)

Sexual partners
Only opposite sex 3,655 (95) 1,599 (95) 1,247 (95) 1,257 (95)
Mostly opposite sex 83 (2) 40 (2) 18 (1) 16 (1)
Mostly same sex 30 (1) 16 (1) 9 (1) 9 (1)
Only same sex 16 (�1) 6 (�1) 11 (1) 8 (1)
No sexual contact 57 (2) 21 (1) 25 (2) 28 (2)

Marital status
Never married 574 (15) 244 (14) 254 (19) 225 (17)
Married 2,796 (72) 1,198 (69) 921 (69) 969 (72)
Widowed 23 (1) 17 (1) 7 (1) 1 (�1)
Divorced/separated 507 (13) 260 (15) 155 (12) 147 (11)

Age 1st intercourse*
11–16 598 (16) 324 (20) 252 (20) 293 (24)
17–18 1,130 (31) 482 (30) 432 (35) 428 (34)
19–20 993 (27) 423 (26) 284 (23) 278 (22)
21� 979 (27) 389 (24) 267 (22) 249 (20)

Number of partners*
1 882 (24) 354 (22) 235 (19) 234 (19)
2–9 1904 (51) 885 (54) 559 (45) 552 (44)
�10 950 (25) 397 (24) 463 (37) 464 (37)

* Among persons who ever had intercourse with an opposite sex partner.
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exposed women were somewhat less likely, compared
with the unexposed, to have had a same-sex sexual
partner (OR � 0.7; CI � 0.5–1.0).

In men, the OR for ever having had sexual contact was
1.3 for the exposed (CI � 0.8–2.4) (Table 3). There was
no evidence that DES was associated with the likelihood of
a man ever having been married. Among men reporting
sexual intercourse with a woman, DES was not associated
with the total number of sexual partners or with having first
intercourse before the age of 17. The OR for more than one
partner (vs 1) was 1.1 (CI � 0.9–1.3); similar results were
observed for two to nine partners and for ten or more
partners. The OR for exposed men having had a same-sex
sexual partner was 1.3 (CI � 0.8–2.1). We found similar
results when the analyses were stratified on the presence or
absence of structural genital conditions that might influ-
ence sexual behavior.

Sixteen percent of DES-exposed women and 17% of
unexposed women reported having been diagnosed and
treated for mental illness, and about 10% of these re-
ported more than one condition. Among those reporting
any mental illness, 78% reported depression, 15% expe-
rienced anxiety, 6% reported both depression and anx-
iety and 6% reported a psychosis. We found no evidence
that women exposed to DES, compared with the unex-
posed, were more likely to report mental illness overall
(OR � 1.0; CI � 0.8–1.1) or to report a diagnosis of
depression (OR � 1.0; CI � 0.8–1.2), anxiety (OR �
0.9; CI � 0.6–1.4) or psychosis (OR � 1.2; CI �
0.7–2.2). The results regarding depression were compa-
rable when cases of mild depression or dysthymia were
removed from the grouping. We found little evidence
that DES exposure was associated with anorexia or bu-
limia, whether evaluated in all women (OR � 1.1; CI �
0.4–3.1), or in the subgroup of women reporting no
other psychiatric condition (6 exposed cases, 2 unex-
posed; unadjusted OR � 1.3; CI � 0.3–6.5).

Discussion
In animal studies, estradiol (aromatized from testos-

terone in the fetal brain) plays an important role in

masculine sexual differentiation, affecting brain organi-
zation and reproductive behavior.15–16 DES is a potent
estrogen and remains biologically active when it reaches
target tissues in the developing brain.10 In addition, the
doses of DES given to pregnant women were high; in the
U.S., the total dose administered during pregnancy typ-
ically ranged from about 1.4 to 11.5 grams,17 exceeding
by 7- to 300-fold the annual dose of DES used for
postmenopausal hormone replacement therapy (0.037–
0.18 g).18 Because estrogen can affect fetal brain devel-
opment, the behavioral and psychological characteristics
of adults who were exposed prenatally to DES warrant
examination.

The possible influence of prenatal hormones on hu-
man psychosexual characteristics, including sexual ori-
entation, is widely hypothesized.19–21 Several studies
have investigated DES in relation to psychosexual out-
comes,22–28 but most enrolled fewer than 80 DES-ex-
posed individuals22,23,26–28 or had methodological limita-
tions, including use of controls with positive Pap
smears22 or unverified DES exposure status.24,25 Our
study, which was based on more than 5,600 women and
2,600 men, represents the world’s largest established
cohort of individuals with documented prenatal DES
exposure. Thus, the present study offers a unique oppor-
tunity to examine questions of longstanding interest.

Our data suggest that DES exposure does not alter a
man’s likelihood of ever having had sexual contact or
having been married. A follow-up report of 46 men
whose diabetic mothers participated in a clinical trial of
DES indicated that the DES-exposed men in their study
were less likely than the unexposed to be married or
living as married.4 Although the authors suggested that
DES interfered with sexual function, the overall percent
of men who had fathered at least one pregnancy was
comparable for the exposed and unexposed groups. Two
larger studies, including an analysis of 494 men in the
Dieckmann cohort, found no association between DES
and ever having been married.7,24 Our finding that DES
was unrelated to the age of first sexual intercourse is
consistent with the earlier report based on the Dieck-
mann men.7 We found no evidence that DES was asso-
ciated with a man’s number of sexual partners or with
the likelihood of sexual contact with other men.

In this study, women exposed to DES in utero showed
no material change in the likelihood of eventual sexual
contact. If anything, our data indicated that the DES-
exposed women were slightly more likely to have mar-
ried than the unexposed. This is similar to findings from
a previous study of 315 women whose mothers partici-
pated in a DES clinical trial.24 We found no evidence
that exposed women had an increased likelihood of
sexual contact with other women.

Our data indicated that the DES-exposed women
were older at first sexual intercourse and had fewer

TABLE 3. Association Between DES Exposure and Psy-
chosexual Characteristics, by Sex

Characteristic

Women Men

OR 95% CI OR 95% CI

Left-handed/ambidextrous 1.0 0.8–1.2 1.4 1.1–1.7
Ever had sexual contact (any) 0.9 0.5–1.5 1.3 0.8–2.4
Ever married 1.1 1.0–1.4 1.0 0.8–1.3
Age 1st intercourse �17† 0.7 0.6–0.9 1.0 0.8–1.2
�1 sexual partner‡ 0.8 0.7–0.9 1.1 0.9–1.3
Any same-sex sexual partners‡ 0.7 0.5–1.0 1.3 0.8–2.1

* Comparison of DES exposed to unexposed, adjusted for age (4 categories),
cohort (4 categories) and education (3 categories).
† Among persons who ever had intercourse with an opposite sex partner.
‡ Among persons who ever had any sexual contact.
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sexual partners in total. These small differences could
reflect residual confounding by socioeconomic status,
although similar results were not apparent in men, and
subcohort analyses did not support this explanation.
Exploratory analyses showed that the association be-
tween DES and sexually conservative behavior was more
apparent in younger women (born after 1955), ie, those
who reached sexual maturity after the adverse conse-
quences of DES exposure had been reported (early
1970s). Consequently, awareness of the possible adverse
effects of DES exposure may have resulted in more
sexually conservative behavior. These associations may
also have been caused by participation or reporting bias.

A possible influence of prenatal hormones on brain-
behavior asymmetries in laboratory animals was sug-
gested by sex differences—present from birth—in the
postural laterality of rats (ie, tail bias).9 Laboratory stud-
ies have shown that the prenatal administration of an-
drogens can reverse the usual laterality in female rats
(although not in males); the shift is attributed to estra-
diol, aromatized from testosterone in the fetal brain.9 An
analogous shift in handedness, postulated for DES-ex-
posed women,9,16 has been observed in previous stud-
ies.25–27 However, the results were based on small num-
bers (fewer than 200 DES-exposed women) and were
not adjusted for age, which is strongly associated with
left-handedness.29 Our findings, which were age-ad-
justed, showed no evidence of an association between
DES and handedness in women.

We did note a greater frequency of left-handedness in
DES-exposed men, which has not been reported previ-
ously. Because medical complications during pregnancy
or birth are associated with left-handedness,30 the rela-
tionship noted here among men could reflect a higher
rate of pregnancy complications, an indication for DES
use, in the exposed mothers. Subgroup analyses showed,
however, that the association was strongest (although
with a broad CI) in the Dieckmann men, whose mothers
were exposed to DES through participation in a clinical
trial, thus minimizing the possibility of confounding by
indication. Interestingly, mothers participating in the
Dieckmann trial received unusually high doses of DES
(about 12 g). Our results are consistent with the possi-
bility that DES influences cortical hemispheric organi-
zation in the human male fetus, causing a shift in hand-
edness, although this remains speculative.

A few studies have examined the possible association
between DES exposure and mental illness,24,31,32 but only
one enrolled more than 50 exposed individuals.24 The
largest of these (264 men, 266 women) found increased
depression and anxiety among the DES-exposed sons
and daughters of women who had participated in a DES
clinical trial; because these conditions were reported by
the general practitioner, who was unaware of the pa-
tient’s DES exposure status, differential reporting bias

seems unlikely.24 Such associations, when observed,
might reflect either a biological influence of DES expo-
sure or distress caused by awareness of the possible health
effects of DES exposure. We found no association be-
tween prenatal DES exposure and reported mental ill-
ness in women, although effects may have been attenu-
ated by the use of self-reported data, and those with
serious mental illness might not have participated in this
study.

It has been suggested that the masculinizing effects of
prenatal exposure to DES could result in estrogen-in-
duced nausea and food aversion when the woman
reaches sexual maturation. In the extreme case of an-
orexia or bulimia, estrogen production is reduced, thus
palliating the nausea and reinforcing the eating disor-
der.33 We found no indication that prenatal DES-expo-
sure was associated with anorexia or bulimia, although a
possible association with anorexia was noted in a previ-
ous study,24 and an earlier evaluation of the DESAD
cohort found an association with anorexia or bulimia.33

Our study has potential limitations. Although the
ability to locate and enroll cohort members was good
overall, participation was suboptimal for the Dieckmann
cohort, introducing the possibility of biased outcomes.
However, in analyses stratified by cohort, results for the
Dieckmann group were similar to those of the other
cohorts. A related issue, affecting all the cohorts, is that
willingness to participate may have been influenced by
health concerns or pre-existing conditions; in particular,
participation may have been higher in exposed persons
with DES-related conditions. The outcomes studied here
would seem unlikely to influence participation differen-
tially for the exposed and unexposed, and our results
were comparable for the previously and newly enrolled
participants. Also, we found little evidence, in men, that
results differed among those who were affected by uro-
genital conditions that have been associated with DES
exposure. Another potential limitation of our study is
the use of sibling controls in some of the cohorts; this
introduces the possibility of correlated outcomes in the
exposed and unexposed groups. However, findings for
the Horne cohort (in which all unexposed participants
were siblings of the exposed) were similar to those of the
other cohorts.

In summary, our data suggest that prenatal exposure
to DES, a potent synthetic estrogen, does not materially
influence sexual behavior in adult offspring. In particu-
lar, we saw no increase in the likelihood of homosexual
contact, a possibility that has been widely hypothesized.
We noted a relation between DES exposure and left-
handedness in men, a finding that may be consistent
with an influence of DES on cortical asymmetry and
laterality. Although we found no association between
DES exposure and mental illness in women, the question
is not easily addressed in these data because survey
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respondents may under represent those affected by men-
tal illness and may misclassify outcomes in these self-
reported data.
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